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PHARMACEUTI CAL PROCESS AND COMPOUNDS PREPARED THERRFtV 

The present invention relates to an improved process for preparation of proton pump 
inhibitors, and to such proton pump inhibitors prepared thereby, compositions containing the 
same and uses thereof. 



Gastric proton pump inhibitors (PPIs) include substituted 2-(2-pyridyhnetihyl>sulfinyHH- 
benzimidazoles, such as lansoprazole (2-[[[3-methyi-4-(2,2,2-trifluoro-'ethoxy>2- 
pyridinyl]methyl3sulfinyl] IH-benzumdazole), omeprazole (5-methoxy-2-|;[(4-methoxy-3,5- 
dimethyl-2-pyirdyl)methyl]sul£myI]-lH-benzimidazole), pantoprazole (5-(difluoromethoxy)- 
2-[[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl]lH-bena^ and rabeprazole (2-[[[4- 

(3-methoxy-propoxy)3-methyl-2-pyridinyI]methjd]sul£myl]-lH-ben2 These 
compounds can produce profound and sustained inhibition of gastric add secretion, with 
responses of PPIs being more rapid compared with those seen with other anti-secretory drugs. 
PPIs work by inhibiting the production of stomach add, by sfauttinig down a S5rstem m the 
stomach known as proton pump, the fiiU name of vdiich is the hydrogen-potassium adenosine 
triphosphate enzyme ^stem. PPIs are the drugs of choice in dy^epsia and peptic ulcers, and 
also Zollinger-EUyson syndrome. In particular, in the treatment of peptic ulcers, the response 
rates of PPb are superior to those seen with other drugs. 



The reported prior art synthesis of these substituted 2-(2-pyridyhnethyl>suIfinyl-lH- 
benzimidazoles generally involves an oxidation proems of a sulfide compound to the 
corresponding sulfinyi compound More particulariy^, prior art processes for the preparation 
of 2-(2-pyridylmethyl)-sulfinyl*lH-benzimidazoles, generally involve the synthesis of the 
corresponding thioether compound, and its subsequent oxidation to the sulfinyi or sulfoxy 
compound, by various methods such as reaction with hydrogra peroxide over a vanadium 
compoimd catalyst, or reaction with peracids^ p^esters or ozone. There are several 
disadvantages associated with such known processes, primarily with respect to the nature of 
the thioether (or sulfide) compound being oxidized. 

BEST AVAJIABIE COPY 
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US Patent No. 4,628.098 to Nohara, et al. discloses a process for preparation of lansoprazole 
by oxidation of the sulphide precursor compound using peracids (m-chloro perbenzoic add). 

US Patent No. 5.840,552 to Holt, et al. discloses a process for preparation of lansoprazole, 
wherem the sulphide precursor compound was selectively bio-oxidised to isolate the 
pharmaceutically active enantiomer or enantiomerically enriched coirespondmg sulfoxide 
form, using microoigaxiians or a microbial en^mae system. 



US Patent No. 5,374,730, to Slemon, et al. discloses a process for the preparation of 
omeprazole and lansoprazole wherem amide analogues of the thioether compounds were 
readily oxidized to the correspondmg sulfinyl compounds and the sulfinyl compounds were 
hydrolyzed m an alkaline medium to the corresponding caiboxylic add salts. The salts woe 
subsequentfy decaiboxylated to omeprazole or lansoprazole respectivdy. The disclosure 
refers to the advantages in relation to the purity of the final product^ and the simplidty of the 
purification procedures. The amide compounds which were subjected to the oxidation step 
were crystalline solids, as opposed to oils, and as sudi could be readily purified to a high 
degree of purity by relatively shnple predpitation, crystallization and washing procedures. 
The carbojcylates and cari^oxylic acid salts which were formed in the subsequent synthetic 
step after oxidation were water sohible, whereas the final products, omeprazole and 
lansoprazole, are not wat^ soluble. Accordingly, any un-reacted residues, and also other 
minor impurities in the final products, were simply removable by an aqueous washing 
procedure. Avoidance of significant discoloration of the product was the other advantage 
disclosed. 

US Patent No. 5,470,983 to Slemon. et aL disdoses processes for producmg lansoprazole 
fi-om acetamide-suMde compounds by a process of oxidation to form the amide sulfinyl 
compound, followed by alkaline hydrol3rsis to the sulfinyl carboxylate or salt, and 
decarboxylation. 

US Patent No. 5,502,195, to Slemon, et al. disdoses a process for preparation of 
lansoprazole -wh&xm the acetamide sulpUde was oxidized to the corresponding amide 
sulfinyl compound, which was subsequ^y hydrolysed in an alkaUne medhmi to the 
carboxylic add salt and then decaiboxylated to form lansoprazole. 
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US Patent No. 6,423,846 to Moon, et al. discusses problems associated with prior art 
oxidation procedures for converting precursor compounds into lansoprazole, where many by 
products were fonned and the yield of lansoprazole was low. EP Patent No. 134,400, GB 
Patent No. 2,134,523, US Patent No. 4,628,098 and Korean Patent No. 52,837 each disclose 
m>diloropeibenzoic acid as the oxidant. Spanish Patent Nos. 550,057; 540,147 and 539,793 
respectively disclose sodhim periodate, iodosomethylbenzene and iodosobenzene as the 
oxidant employed. These prior art processes were dted as being unviable because of the 
e9q>ensive oxidants used thereui, the formation of many impurities and a low yield of the 
product in the raxige of about 60 to 80%. 

AH these prior art process either use raqpeosive catalysts or hazardous oxidi^ng reagents, 
such as peracids, which are not suitable for commercial manufecture of these compounds. 
Also over-oxidation of the thioethra- compound to the corresponding sulphone analogue is a 
common problem encountered with the prior art processes. 

There has thus been a long felt need for effim^it and safe methods for the sdective oxidation 
of a sulphide compoimd of formula (Q) 




to a sulfinyl compound of formula (0 



07/15/2005 FRI 05:30 [TX/RX NO 8194] @007 



15- 7-0S;ii:30 ;a a Thornron Co 



; oaoTAOsasso 



« S/ 3 1 



wo 2004/063188 PCT/GB2004/000064 



4 




wherein in both formulae (I) and (IQ and R3 are selected from the group consisting of 
hyciiograi, methyl or Ci-»alkoxy. R2 is selected from the group consisting of substituted or 
unsubsthuted Ci^oxy and B4 is selected from the group consisting of hydrogen or 
substituted orunsubstituted Ci^aUciHgr. 



The present invention now provides an efficient, safe and industriaUy feasible method for 
pr^aring various substituted 2-(2-pyrid|yhnethyl)-sulfinyl-lH-ben2aniidazoIes. 

In particuhir, it is an aim of the present mv^on to provide an unproved process for 
oxidation of (2-[[[3-nietlQd-4K2,2,2-tri£hioro-etho>gr>2-pyridinyl]meA^^^ 
benzimidazole to the corresponding (2-[t[3-methyi-4-(2,2,2-trifluoro-etfao3gr>.2- 
pyridmylJmethylJ-sulfinyrilH-benzimidazole (lansoprazole), preferabfy using an eco- 
fiiendly, in^ipensive and readily available reagent. 

It is a fiirther aim of the present invention is to provide an inqiroved process for oxidation of 
((5-methoxy-2-[[(4-methoxy-3,5-diniethyl-2-pyhdyOmethyi>thio]-lH-ben2^ to the 

corresponding ((5-methoJcsr-2-[[(4-methoxy-3,5-dimethyl-2-pyirdyl)methyl]-sulfinyl]-lH- 
benzimidazole (omeprazole), preferably using an eco-fiiendly, inraqienstve and readUy 
available reagent. 



It is a fiirther aim of the present invention is to provide an improved process for oxidation of 
((5<difluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]thio]lH-benzinuda^^^ to the 
corre^ondmg ((5<difluoromethoxy)-2-{I(3,4-dnnetho3cjr-2-pyridmyl)methyl]-sulfinyl] IH- 
benzimidazole (pantoprazole), preferably using an eco-friendly, inexpensive and readily 
available reagent. 
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It is a still further aim of the present invention is to provide an improved process for 
oxidation of (2-[[[4-(3-metho?Qr-propoxy)3-methyl-2-pyridinyl]methyl]-thio]-l^ 

benzimidazole, to the correspondmg (2-[[[4-(3-metho3c/^propo>Qr)3-methyl-2- 

pyridinyI]methyl]-sul£myl]-lH-benzimidazole (rabeprazole), preferably using an eco- 
fiiendly, ine:q)ensive and readily available reagent. 

More particularly, the present invention provides a process for preparing a sulfinyl compound 
of formula (3), or a pharmaceutically acceptable salt, hydrate or solvate thereof. 




(0 



wldcib process €X>nip]ises oxidation of a sulfide compound of fomiula (II) 




CD) 



wherein in both formulae (I) and (II) Ri and R3 are selected from the group consisting of 
hydrogen, methyl or Ci^alkosy, R2 is selected fi'om the group con^sting of substituted or 
unsubstituted Ci.4alkoxy and R4 is selected fi-om the group consisting of hydrogen or 
substituted or unsubstituted Ct^alkoxy; 

wherein a confound of formula (D) is added to a solvent, or a mixture of solvents, to form a 
reaction mixture, an oxidizing agent is added to said reaction nuxture and said oxidation is 
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cjairied out at a controUed temperature and pH so as to prepare a compound of formula (I), 
and optionally convertii« a sulfinyl compound of formula (I) to a pharmaceutically 
accq}table salt, hydrate or solvate tiiereo^ 

characterised in that an alkafi is present in the reaction mixture at least during said oxidation, 
whereby the pH of the reaction mixture at least during said oxidation is in the range of 9 to 
12. Pr^rably the oxidisang ag^ comprises an aqueous hypohalite sohition. 

The present invention further provides a process for preparing a sulfinyl compound of 
fbnniila (0, or a pharmaceutically acceptable salt, hydrate or solvate th««of. 




which process conq>iises oxidation of a sulfide compound of fi>nnula (P) 




(TO 



wherem in both fimnulae CD and (0) Rt and R3 are selected fi-om the group consisting of 
hydrogra, m^yl or Ci.4aIko7Qf', R2 is selected fi-om the group comdstiqg of substituted or 
unsubsdtuted Ci-JtaHkoxy and R4 is selected Srom Hie group consisting of hydrogoi or 
substituted or unsubstituted Ci.4alko7i^ 
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characterised in that said confound of foimula (10 is reacted with an oxidizing agent 
comprising an aqueous hypohalite solution, and optionally converting a sulfinyl compound of 
formula (I) to a suitable pharmaceutically acceptable salt, hydrate or solvate thereof 

Optionally, a compound of formula (IT) is reacted with an aqueous hypohalite solution m the 
presence of a catalyst, suitably selected from the group consistiag of pyridine, di-isopropyl 
ethyl amine and N,N-dimethyl ammo pyridine. The use of such a catalyst is desirable to 
fiirther avoid formation of undesirable by products. 

Typically, a process according to the present invention comprises dissolving or suspending a 
sulphide precursor compound of formula (IT) in a suitable solvent or mixture of solvents. 
Suitably, the solvent comprises water, lower alkyl alcohols, esters, ethers, chlorinated 
solvents, or mixtures thereof. A preferred solvent is selected from the group consisting of 
water, methanol, ethanol, isopropanol, di-isopropj^ ether, dichloromethane, acetonttrile and 
ethyl acetate, or a mixture of two or more of these solvents. An aqueous hypohalite solution, 
preferably sodium hypochlorite, is then added slowly in a controlled manner at appropriate 
temperature conditions to give, after simple work up procedures, a sulfinyl compound of 
formula (I) in very high yield and purity. 

A process according to the present invention is typically performed at a temperature in the 
range of —30 to SO^'C. A preferred operating temperature is in the range of 0 to 30**C. 

An aqueous hypohalite solution suitable for use in a process according to the present 
invention typically comprises an aqueous solution of an alkali metal or alkali earth metal 
hypohalite and is preferably selected from the group consisting of sodium hypochlorite, 
sodium hypobromite and calcium hypochlorite. Sodium hypochlorite is most preferred. An 
aqueous hypohalite solution suitable for use in a process according to the present invention 
typically has a concentration in the range of 2% to 30%. It is preferable, however, to use an 
aqueous hypohalite solution having a concentration in the range of 2% to 5%, for ease of 
handling. 
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The aqueous hypohalite solution is typically added to a reaction mixture comprising a 
sulphide precursor compoimd of formula (S) dissolved or suspended in a suitable solvent, or 
mixture of solvents, over a time period ranging from several minutes to several hours, 
depending on the strength of the hypohalite solution and the exothemiicity of the reaction. It 
is preferable to perform the addition slowly over a period ranging from 30 minutes to 4 hours, 
with the time taken for completion of the reaction ranging from 2 to 10 hours. 

A commercially available hypohalite solution can be employed, but it is advantageous to use 
a freshly prepared solution typically includii^ about 0.5 % to 5 % of free corresponding 
alkali or alkali earth metal hydroxide. The presence of free alkali or alkali earth metal 
hydroxide not only stabilizes the hypohalite, but also exhibits an advantageous stabilising 
effect on the ben2dmidazole sulphiiryl products \^ch are known to be unstable in acidic 
conditions. Alternatively, a solution of an alkali or alkali earth metal hydroxide, or other 
suitable alkali, can be added to the suspension or solution of a preciu'sor sulphide compound 
of formula (H) in the solvent, or mixture of solvents, before addition of the oxidizing agent. 

A sulfinyl compound of formula (T) can be suitably isolated from the reaction mass by 
adjusting the pH using aqueous organic or inorganic adds. Typically, the pH is adjusted to 
be in the range of 6.0 to 9.5, more preferably in the range of 7 to 7.5, using aqueous acetic 
acid, followed by filtration to isolate a sulfinyl compound of formula (Q. 

A sulfinyl compound of formula (I) may be further purified by dissolving in a mixture of a 
Ci^ alkanol, typically methanol, and an aqueous alkali metal hydroxide solution, typically 
sodium hydroxide solution. The pH of the resulting clear solution is adjusted to between 9.0 
to 9.5, typically using aqueous ammonium acetate solution, and a sulfinyl compoimd of 
formula (Q is isolated by filtration. 

Substantially as hereinbefore described a process according to the present invention can 
further comprise conversion of a sulfinyl compound of formula (I) to a suitable 
pharmaceutically acceptable salt, hydrate or solvate thereo:^ in particular a pharmaceutically 
acceptable salt form« Suitable salts include those with alkali or alkali earth metals, for 
example Mg^^, Cd?\ Na*, or Li^ salts, in particular Mg^"^ or Na**^ salts. 
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In the case where R2 represents substituted alkoxy substantially as hereinbefore described, 
suitable substituents include one or more halo substituents, such as one or more fluoro 
substituents, or one or more alkoxy substituents, such as Ci,3 alkoxy^ especially methoxy. 

In the case where R4 represents substituted alkoxy substantially as hereinbefore described, 
suitable substituents include one or more halo substituents, such as one or more fluoro 
substituents. - 

A preferred compound prepared according to a process of the present invention is 
lansoprazole, wherein in formula (I) Ri represents methyl, R2 represents trifluoroethoxy, R3 
represents hydrogen and R4 represents hydrogen. 

A fiirther preferred compoimd prepared according to a process of the present invention is 
omeprazole, wherein in formula (O Ri represents methyl, Ra represents metiioxy, R3 
represents methyl and R4 represents metho^. 

A further preferred compound prepared according to a process of the present invention is 
pantoprazole, wherein in formtila (I) Ri represents methoxy, R2 represents methoxy, R3 
represents hydrogen and R4 represents difluoromethoxsr. 

A further preferred compound prepared according to a process of the present invention is 
rabeprazole, wherein in formula CD Ri represents methyl, R2 represents OCH2CH2CH20Me, 
S3 represents hydrogen and R4 represents hydrogen. 

The present invention further provides lansoprazole prepared by a process substantially as 
hereinbefore described. Preferably lansoprazole thus provided by the present invention is 
substantially free of oxidation contamination by products. 

The present invention further provides omeprazole prepared by a process substantially as 
hereinbefore described. Preferably omeprazole thus provided by the present invention is 
substantially free of oxidation contamination by products. 
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The present invention fiirther provides pantoprazole prepared by a process substantially as 
hereinbefore described. Preferably pantoprazole thus provided by the present mvention is 
substantially free of oxidation contamination by products. 



The present invention further provides rabeprazole prepared by a process substantially as 
hereinbefore described. Preferably rabeprazole thus provided by the present invention is 
substantially free of oxidation contamination by products. 

The present invention further provides a phannaceutical composition comprising a sulfinyl 
compound of formula (J) 




wherein Ri and R3 are sdected from the group consisting of hydrogen, metiiyl or Ci.4alkoxy, 
R2 is selected from the group consisting of substituted or unsubstituted Cwalkoxy and R» is 
selected from the group consisting of hydrogen or substituted or unsubstituted Ci^alkoxy; 
which compound of formula (T) is prepared by a process substantially as hereinbefore 
described; togrther with a pharmaceutical!/ accq>table carrier or excipient therefor. A 
preferred composition according to the present mvention comprises lansoprazole prepared by 
a process substantially as h^idnbefore desoibed; togetiier witii a pharmaceutically acceptable 
carrier or excipient therefor. A forther preferred composition according to the present 
invention comprises omeprazole prepared by a process substantially as hereinbefore 
described; together with a pharmaceutically acceptable carrier or excipient therefor. A 
fiirther preferred composition according to the present invention comprises pantoprazole 
prepared by a process substantialfy as hereinbefore described; together with a 
pharmaceutically acc^table carrier or e»apient therefor. A still fiirth^ preferred 
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composition according to the present invention comprises rabeprazole prepared by a process 
substantially as hereinbefore described; together with a phannaceuticaliy acceptable carrier or 
excipient therefor. 



There is further provided by the present invention, for use in therapy, lansoprazole prepared 
by a process substantially as hereinbefore described There is also provided, for use in 
therapy, omeprazole prepared by a process substantially as hereinbefore described There is 
also provided for use in therapy, pantoprazole prepared by a process substantially as 
hereinbefore described. There is still fiirther provided for use in therapy, rabeprazole 
prepared by a process substantially as hereinbefore described. 

The present invention also provides for use in the manufacture of a medicament for the 
treatment of gastric ulc^ and related conditions, lansoprazole prepared by a process 
substantially as hereinbefore described. There is also provided for use in the manu&cture of 
a medicament for the treatment of gastric ulcers and rdated conditions, omeprazole prepared 
by a process substantially as hereinbefore described. There is also provided for use in the 
manufacture of a medicament for the treatment of gastric ulcers and related conditions, 
pantoprazole prepared by a process substantially as herdnbefore described. There is still 
finther provided for use in the manufacture of a medicament for the treatment of gastric 
ulcers and related conditions, rabeprazole prepared by a process substantially as hereinbefore 
described. 



The present invention also provides a method of treating gastric ulcers and related conditions, 
which comprises administering to a patient in need of such treatment lansoprazole prepared 
by a process substantially as hereinbefore described The present invention also provides a 
method of treating gastric ulcers and related conditions, which comprises administering to a 
patient in need of such treatment omeprazole prepared by a process substantially as 
hereinbefore described. The present invention also provides a method of treating gastric 
ulcers and related conditions, which comprises administ^ing to a patient in need of such 
treatment pantoprazole prepared by a process substantially as hereinbefore described. The 
present invention also provides a method of treating gastric ulcers and related conditions. 
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which comprises administering to a patient in need of such treatment rabeprazole prepared by 
a process substantially as herdnbefore described. 

The present invention is now further iflustrated by the foUowing examples, which do not in 
any way Hmit the scope of the invention. While the present invention is described above in 
connection with primed or ilhistrative embodiments, these ranbodiments are not intended to 
be exhaustive or limiting of the ntvention. Rather, the invention is intended to cover all 
altemativei^ modifications and equivalents included within its scope, as defined by the 
app^ided daims. 
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Examples 
Example 1 

PreparfttfW — of 2-rrf4-r3-methoxv-proDOxvV3-methvi-2-pvridinv n methviy snlfi nvn-lH- 
hetiMmirfgy.nf«» artr ljum rrabeprazole sodium) 

2-in4-<3-meth<»qf-propaxy)-3>metfavl-2-pvridmyllmethyq-tfa^^ (lOg) 
was suspended in 200fnl of puiified water, sodium hydroxide (about 2g) and pyridine (4ml). 
To ttiis was slowly added about 75g of approximately 3.8% sodium hypochlorite solution in 2 
hours. The reaction mass was maintained at S - 8° C for 4 hours. After completion of the 
reactioxi, excess sodium Iq^pochlorite was deconq>osed usii% S% aqueous sodium 
thiosulphate solution. The pH was adjusted to between 8.0 to 9.0 using 10% ammonhnn 
acetate solution. 

After pH adjustment the compound yna isolated fiom the water layer by adding ^yl acetate 
followed by extraction. Concentratin\g the oiganic layer under vacuum yielded a residue to 
which isopropyl acetate was added and stirred for about 1 hour, yielding the desired product. 
The product was purified by dissolving in a mixture of ac^one and triethylamine. 
Rab^)razole base so obtamed was dissolved in acetate and m^hanolic ammonia 
nmdure to v^ch metiianolic sodium hydroxide was added and distilled off to a thick residue 
at low tonperature. This was again redissolved in ellQi acetate and rabeprazole sodium salt 
was isolated in n-heptane / n-hexane and dried. 

Example 2 

Preparation of 5-rdifluoromethoxv)-2-rfrr3. 4-dnneriif»cv-2-pvridiiivnmethvi- | .qilfin yn-iH- 
banzimidazole fpantoprazole) 

5<di£hioromethoxy)-2-[[(3,4-dimetho>Qr-2-pyridmyl)methyl]-thio]-lH-4^ {lOg) 
was dissolved m purified water (100ml) and methanol (10ml). 80g of 3.5% aqueous sodium 
hypochlorite solution having a sodimn hydroxide cont^ of up to 2,4 -2.8% was added to the 
reaction mass, vMd[i was maintained at 5 - 8° C for about 1 hour. Excess hypochlorite was 
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decomposed using 5% aqueous sodium thiosulphate solution. pH of the reaction mass was 
adjusted to 8,0 - 9,5 using ammonium acetate. The solids were filtered, washed with chilled 
water and dried in an oven to give 8.5g of the title compound. 

Examples 

Preparation of — r2--rrr3-methvl-4-(2.2,2-trifhioro^oxv^- 2-Dvridinvl] m i 



(2-[[[3-methyl-4-(2A2-trifluoro-ethoxy>2.pyridiny (10^ 
was suspended in 100ml of a mixture of acetomtrile and water (7:3). A solution of sodium 
hydroxide was added to this suspraaion, 61g of sodium hypochlorite solution (4.2%) was 
added over a period of 4 hours matntaining a temperature of 5^C - 10*=*C. Excess 
hypochlorite was decomposed using 3% aqueous sodmm metabisulfite solution. Acetone 
(SOml) was added and the pH was adjusted to betwera 7.5 to 8.5 using dilute acetic acid. The 
solids were filtered^ washed with chilled water and dried in an ovcti to give 8g of the title 
compound The product was shmied in acetone followed by purification by dissolving in a 
mixture of acetone and aqueous sodium hydroxide sohition. The pH of the clear sohition was 
adjusted to about 7.0 - 8.0 usmg dihite acetic add sohition and the product was isolated by 
filtration, slurried m water and dried in an oven to give about 7g of the desired product 

Example 4 

Preparation f(S-methoxv-2-rrf4>methoxv-3.S-dimethvl-2-PvirdvlW^ 

benzimidazole f omeprazole^ 



((S-metfaoxy-2-[[(4-metho3Qr-3,SK!unethyl-2-pyirdyl)meA (20g) 
was suspended m 200ml of dichloromethane. 140g of sodium hypochlorite solution (chlorine 
content : 3.6 - 4.2%; sodhmit hydroxide content : 2.8 - 3.0 %) was added over a period of 3 
hours maintaining a temperature of -5^C to 0*^C. The organic layer was separated and 
extracted with 200ml of 5% sodium hydroxide sohitioa The pH of the aqueous layer was 
adjusted to between 8 - 8.5 using dilute acetic add. The solids were fiJtered, washed with 
chilled water and dried in an oven to give 17g of the title compound. 



07/15/2005 FRI 05:30 [TX/RX NO 8194] ©018 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR STOES 

□ FADED TEXT OR DRAWING 
^fBUJRRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^PljNES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



